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Abstract. The urban green space positively affects the quality of the
environment and urban life. To estimate the layout of urban green
spaces, especially to describe the real difference of regional properties,
the influenced zone of each green space should be identified firstly.
The influenced zone can be used to quantitatively analyse the difference of regional environmental quality. The identification of the influenced zones of green spaces actually is a problem of space partitioning. The study compared three methods mostly used in space
partitioning. The regular grid is a most common partitioning method.
It is easy to use, but cannot link the grid with green space separately.
Voronoi algorithm is a constructive method which partitions the urban
space based on each green. Another approach is the application of
gravity models, which assumed analogies between human behaviour
and Newtonian gravity laws. The gravity model could calculate the
probabilities of residents to choose the green space and partition the
urban space. In the comparison of these three methods, we conclude
that the gravity model can take more characteristics of the green space
as the calculating parameters. The gravity model is a better method to
estimate the layout of urban green spaces.
Keywords. Space partitioning; gravity model; Voronoi algorithm;
regular grids; green space.

1. Introduction
The green spaces positively affect the quality of the environment and urban
life (Groenewegen et al. 2006). Besides its total area, the layout of green
spaces also plays a key role in improving the quality of urban life. In fact,
the distribution of the green spaces within a city is frequently uneven, which
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is reflected in area, location, amenities, and accessibility (Barbosa et al. 2007,
McConnachie and Shackleton 2010). To estimate the layout of green spaces,
especially to describe the real difference of regional properties, the position
in the urban space should be associated with the corresponding green space.
That means the influenced zone of each green space should be identified
firstly. Barbosa et al. (2007) and Iverson and Cook (2000) used grid cell
generated from satellite image to calculate the status of green, McConnachie
and Shackleton (2010) adopted the neighbourhood area as the calculation
zone to quantify the difference of green spaces, and Zhang et al. (2008) use
the area of Census Block Groups as the basic zone to compare their green
conditions. Nevertheless, there still lacks a quantitative method to measure
the influence of the green space to its neighbours. The influence of the green
spaces should be presented as some zones which are decided by the quality
of green space and the distance to it.
The identification of the influenced zones of the green spaces actually is a
problem of space partitioning. The study chose two familiar partitioning
methods and applied an economic method to compare their advantages and
disadvantages. The result can be used to establish the evaluation system to
improve the planning and increase the efficiency of the green spaces.
2. Materials and methods
2.1. STUDY AREA
We took the Yuhua District of Nanjing, Yangtze River Delta, China, as the
study area. The Yuhua District is located in the southwest of Nanjing City,
where the geological conditions are complicated with a large area of mountains and numerous rivers and lakes (Figure 1). The area of the District is
about 125.2 km2, with a population of approximately 221,800. It’s 20.2 km
from east to west, 16.9 km from south to north.
Liuhe District

Qixia District

Pukou District

Beijing

Nanjing

Downtown of Nanjing

Shanghai
Jiangning District

Lishui County

Figure 1 Location of Nanjing City and Yuhua District
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In the regulatory plan of Yuhua District, the area of green spaces is about
48.1 km2, the greening ratio is about 38.4%. The area of green spaces is up
to the specification. For the convenience of calculation, we extracted the
public green spaces as the study data. And the public green spaces whose areas are smaller than 1 ha are excluded (Figure 2).

Figure 2 Public green spaces extracted from the regulatory plan of Yuhua District

There have 151 extracted public green spaces, with a total area of 25.5
km2, 20.4% of the whole district. Among these green spaces, the largest one
is about 395 ha, and the smallest one is only 1 ha. The uneven status is very
obvious. The public green spaces are clustered on three locations, especially
in the southeast of the district. The greening rate of the whole district cannot
reflect the real environmental quality of the local neighbourhood.
2.2. REGULAR GRID METHOD
The regular grid is a most common method to partition the space. The shape
of the grid could be triangular, rectangular, or hexagon.
The disadvantage of the regular grid method is the inaccuracy of the result. The result is fatefully influenced by the grid size. Figure 3 shows the
space partitioned with different grid size from 1km to 10km. With the larger
size, a grid always contains more than one green space. The result can only
be used to estimate the local grid cell, but cannot accurately reflect the real
diversity of each green space. With the smaller size, the green spaces are
frequently divided by the grid line (Figure 4). Sometimes one big green
space is even divided into several grid cells. So this method cannot link the
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grid with the green space separately, and cannot identify the influenced zone
of the green space.

Figure 3 Space partitioned with different grid size

Figure 4 Two sample grids with broken green spaces

2.3. VORONOI ALGORITHM
Voronoi algorithm is a constructive algorithm to solve the problem of space
partitioning. A Voronoi region for a point is the locus of points closer to that
point than to any other given one (Lee and Drysdale 1981). The method effectively links the partitioned space with the green space one on one.
As shows in Figure 5, all the green spaces were converted into points,
then the entire district is partitioned into many polygons based on the Voronoi algorithm. Every Voronoi polygon includes one point which is converted
from the green space.
However, the Voronoi algorithm is based on points, and only related to
the their locations. The diversity of the points is ignored. The generated polygons lost the relationship with the shape of the original green spaces. Some
green spaces will be divided by the polygons. So the Voronoi polygon can’t
be treated as the influenced zone of the green space.
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Figure 5 Space partitioned with Voronoi algorithm

Dong (2008) presented a weighted Voronoi algorithm based on ArcGIS
software. Compared with normal Voronoi algorithm, the new one works for
point, line, and polygon vector features, and it can generate the weighted Voronoi polygons with non-spatial attributes of input features. Figure 6 gives
the result calculated with weighted Voronoi algorithm. Despite maintaining
the integrity of the green space in the polygon, the shape of these polygons
presents obvious directivity. This limitation is caused by the algorithm itself.
And the polygon can’t be treated as the influenced zone of the green space
either.

Figure 6 Space partitioned with weighted Voronoi algorithm
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2.4. GRAVITY MODEL
Another approach could be the application of gravity models, which assumed analogies between human behaviour and Newtonian gravity laws
(Suarez-Vega et al. 2011). The gravity law is applied by economists to analyse retail trade areas (Converse 1949, Reilly 1931). And some specified
models had been developed based on the gravity law. Huff Model is a spatial
interaction model that calculates gravity-based probabilities of consumers at
each origin location (Huff 1963). Huff Model overcomes certain limitations
of the Reilly Model and is applied widely (Bello et al. 2011, Drezner and
Drezner 2004, Suarez-Vega et al. 2011).
The essence for the influenced zone of the green space is the probability
of people located one place choosing the green space. There is a fairly good
analogy between the influenced zones of the green spaces and the retail trade
areas. The probability of a customer to choose a store is decided by the attractiveness of the store and the distance from the location of the store. The
probability of the resident to choose the green space is decided by the attractiveness of the green space and the distance to the green space (Herzele and
Wiedemann 2003, Maat and Vries 2006). Here the attractiveness of the
green space relates to its properties, including areas, amenities, accessibility,
vegetation density, microclimate, etc. (Bjerke 2006, Herzele and Wiedemann
2003, Nikolopoulou and Lykoudis 2007). And the influence of the attractiveness will decay with the increase of the distance to the green space. Thus,
Huff Model can be applied to identify the influenced zones of the green
spaces and to estimate the layout of green spaces.
Huff Model can be expressed as the following formula:

Pij  S j Dij

n

 S D
j 1

j

ij

(1)

Equation 1 is the classical Huff Model, with Pij as the probability of a
customer located at i choosing store j, Sj a measure of attractiveness of store
j, such as square footage, Dij the distance from i to j, α an attractiveness parameter estimated from empirical observations, the distance β decay parameter estimated from empirical observations, and n the total number of stores
including store j. Usually, the value of α is set 1, and the value of β is set -2.
By analogy with retail trade areas, Equation 1 can be applied in the calculation of the zone of influence of the green spaces, with Pij as the probability
of the resident located at i choosing the green space j, Sj a measure of attractiveness of the green space j, Dij the distance from i to j.
Figure 7 shows the partitioned space with Huff Model. It’s a preliminary
result of this kind of methodology, so we just applied the area as the attractiveness of the green space, and set α as 1, β as -2, according to the empirical
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data of economic area. Although the result is not accurate, the partitioned
spaces have a distinct relationship with the green spaces and represent the
diversity of the area and shape of the green space. Each partitioned space
could be treated as the influenced zone of the green space.

Figure 7 Space partitioned with Huff Model

3. Results and Discussion
With three methods, we got three different partitioning results. As presented
in figure 8, the subdivided spaces in different methods have different shapes,
and have different relationships with the green spaces.

Figure 8 Comparison of the results of three partitioning methods
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The regular grid is the simplest method to partition space. It is easy to be
calculated and generated. However, this method cannot establish a one-toone link between the green space and its influence zone. It just partitioned
the whole district with grid, ignored the properties of the green spaces. Thus,
the regular grid can’t represent the diversity of the green spaces. In addition,
this method is too limited by the grid size.
Voronoi algorithm is a mature method to partition space based on each
green space. And it could be applied to the existing GIS platform. Nevertheless, to calculate Voronoi polygons, all green spaces had to be converted to
points, which led to lose the shape of the green space. Furthermore, the algorithm treats all green space points equally, and only depends on the location
of these points. It can’t represent the diversity of the green spaces either.
Even the weighted Voronoi algorithm has limitation in calculating. The
weighted Voronoi polygon doesn’t represent the influence of the green space
effectively.
Both the regular grid and Voronoi algorithm are just the sense of spatial
geometry division. They can’t really associate a position in urban with the
corresponding green space. Therefore, both two methods are not conducive
for evaluation of the layout of green spaces.
The gravity model assumed analogies between human behaviour and
Newtonian gravity laws. Through calculating the possibility residents choose
the green space, the urban space was partitioned into many influenced zones.
Every zone is corresponding with one green space. And there has no gap between these zones. Moreover, the model mapped the complicated properties
of green space into two parameters – attractiveness and decay. So the method established a direct link between the location and green space. And more
quantitative evaluation could be applied to the green spaces. For example,
combined with population density map, we can calculate the efficiency of
green. Then the partitioned spaces could be used to estimate the layout of
green spaces.
4. Conclusion
In this paper, three partitioning methods, including regular grids, Voronoi
algorithm and gravity model, are implemented in Yuhua District, Nanjing,
China. Compared with three methods, the regular grids and the Voronoi algorithm cannot represent the difference of green space’s properties. The
gravity model can partition the urban space based on the green space’s properties and the distance to the green space, and establish the direct link between the influenced zone and green space. With the gravity model, to estimate the layout of the green spaces could be feasible.
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With the gravity model, the attractiveness parameter is very important to
calculate the influenced zone of the green space. It represents the properties
of the green space, including areas, amenities, accessibility, vegetation density, microclimate, etc. In this exploratory study, the attractiveness was represented as the area of the green space merely. In the further work, the attractiveness should be represented as more factors. And the weight of the
different factors should be evaluated with more experiments.
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